ABSTRACT
INTRODUCTION
Studies of optical emission lines in quasars have revealed some striking correlations that may well be related to the fundamental properties of the accreting black hole system. Boroson & Green (1992, hereafter BG92 ) performed a principal component analysis (PCA) on the bright quasar survey (BQS) quasar sample (Schmidt & Green 1983) and showed that the primary eigenvector (hereafter EV1), which was responsible for D30% of the variance in the data, was anticorrelated with various measures of Fe II j4570 strength (equivalent width and Fe II/Hb ratio), correlated with [O III] j5007 strength (luminosity and peak) and Hb FWHM, and anticorrelated with the blue asymmetry of the Hb line. It was later found that these optical line properties correlate with UV properties (C III] width, Si III]/C III] ratio, C IV and N V strength ; Wills et al. 1999 , Kuraszkiewicz et al. 2000 and with soft X-ray properties (luminosity and spectral index ; BG92, Corbin 1993 , Laor et al. 1994 . Recently, Brandt & Boller (1998) showed that the correlations between EV1 and the X-ray properties are stronger than those with the individual line parameters, suggesting that EV1 has a more fundamental physical meaning. A number of physical parameters have been suggested to drive EV1, including accretion rate, orientation, and black hole spin. BG92 and Boroson (1992) argued that EV1 is not driven by an orientation e †ect (i.e., some anisotropic property), despite the strong dependence on Hb line width, as it is strongly correlated with the [O III] j5007 (hereafter [O III]) luminosity, which was assumed to be isotropic. However, the isotropy of the [O III] emission in other AGNs has since been called into question. Jackson & Browne (1990) studied a sample of powerful narrow-line radio galaxies and radioloud quasars, which, in the context of uniÐed models (e.g., Antonucci 1993) , are considered to be the same type of object viewed from di †erent angles to the radio axis. The [O III] line luminosity of the narrow-line radio galaxies (viewed edge-on) is lower by 5È10 times than that of the quasars, matched in redshift and extended radio luminosity. This result was surprising. It was expected that the [O III] emission would be the same in both samples, as it was thought to originate from distances large enough to be una †ected by obscuring material from the dusty torus. Hes, Barthel, & Fosbury (1996) found that radio-loud quasars and powerful narrow-line radio galaxies show no di †erence in [ has a higher critical density and higher ionization potential and hence lies nearer to the central engine, this di †erence can be explained if the [O III] emission region extends to sufficiently small radii to be obscured by the dusty torus when the active nucleus is viewed "" edge-on.ÏÏ Support for this scenario was provided by the detection of [O III] emission in polarized light in four out of seven radio galaxies (one also showing [O II] polarization), while a Vol. 542 sample of radio-loud quasars showed none (di Serego Alighieri et al. 1997) . Polarized [O III] emission has also been observed in NGC 4258 (Wilkes et al. 1995 ; Barth et al. 1999 ), a Seyfert galaxy with an edge-on molecular disk surrounding the nucleus. Baker (1997, hereafter B97) , studying a complete sample of low-frequency radio-selected quasars from the Molonglo quasar sample, found that the [O II]/ [O III] ratio is anticorrelated with the radio core-to-lobe Ñux density ratio R, which is generally used as an orientation indicator. This again implies that [O III] is a †ected by dust absorption as the orientation becomes more edge-on. Similarly, the [O III] luminosity versus radio luminosity correlation shows a larger scatter than the similar [O II] versus radio correlation (Tadhunter et al. 1998) in the 2 Jy extended radio-selected sample (Wall & Peacock 1985a , 1985b . This additional scatter could again be explained by dust obscuration of the [O III] emission, although the authors prefer an interpretation in terms of the higher sensitivity of [O III] to the ionization parameter (Tadhunter et al. 1998) .
If the central regions of radio-loud quasars and powerful radio galaxies are basically similar to the central regions of radio-quiet quasars (with the exception of the existence of the radio jets), then by analogy we would expect the behavior of the [O II] and [O III] lines to be similar in both classes. Indeed, Seyfert 1 galaxies, which in the uniÐed model scenario correspond to the face-on Seyfert 2 galaxies, have higher [O III] luminosities than Seyfert 2 galaxies with comparable radio luminosity (Lawrence 1987 ; but see Keel et al. 1994 , who Ðnd no di †erence in a sample of IRASselected Seyfert galaxies). This suggests that
could be an orientation indicator not only in radio-loud but also in radio-quiet quasars. Similarly, Fe II emission strength and the broad line widths are strongly dependent on orientation in radio-loud quasi-stellar objects (QSOs) (e.g., Miley & Miller 1979 ; Wills & Browne 1986 ; Vestergaard, Wilkes, & Barthel 2000) with stronger Fe II and narrower lines in face-on sources. Again, by analogy, this suggests that the extreme EV1 objects, narrow-line Seyfert 1 galaxies, which have stronger Fe II emission and narrow lines, could also be face-on.
Given the strong evidence for anisotropic [O III] emission in radio-loud quasars, we present an investigation of the behavior of [O II] emission in a radio-quiet subset of the optically selected Palomar BQS sample to study the [O II] relation to EV1 in comparison with that of [O III] . This allows us to revisit the question of orientation as a driver of EV1, which will lead to a better understanding of the underlying physics driving the strongest set of emission-line correlations found to date for quasars, and so provide information on their central regions. Spectrophotometry was carried out, in A . photometric conditions, by observing each quasar twice, Ðrst through a large 5A aperture and second through a small 2A aperture with a longer exposure time to obtain high spectral resolution and signal-to-noise ratio. A standard star was observed through the wide aperture, at similar air mass, immediately before or after the quasar observation, to provide Ñux calibration. The data were reduced in the standard manner using IRAF3 (see Tokarz & Roll 1997 for details) . The continuum of the small-aperture data was then normalized to match the shape and absolute Ñux level of the large-aperture observation, yielding a Ðnal spectrum with a (judged from our experience) photometric accuracy of D5%. The observational details are given in Table 1 , and the calibrated spectra are presented in Figure 2 . which is a blend of A , Fe II lines with the Balmer continuum emission) resides, which has to be taken into account when making measurements of the [O II] line.
In our spectra we have Ðtted the underlying continuum with a power law using only those regions of the spectrum uncontaminated by the Fe II emission (4150È4270 and Ó 
6160È6280
The underlying power-law continuum was Ó). then subtracted from each spectrum, and the Fe II emission was modeled using an optical (4247È7000 Fe II template, Ó) kindly provided by Boroson (BG92) . The template Fe II spectrum was broadened by convolving with Gaussian functions to multiple widths starting at 1000 km s~1 and separated by steps of 250 km s~1. A two-dimensional iron emission model was constructed with line width as one dimension and rest wavelength as the other (see . The iron emission in the objectÏs spectrum was Ðtted by scaling this two-dimensional iron model to the iron emission on either side of the Hb and [O III] lines. As a check-up and conÐrmation of this primary normalization, Ðve additional scalings from 0.6 to 1.4 in steps of 0.2 were applied to each normalized iron model, and these were also compared to the objectÏs spectrum. These additionally scaled models were never needed, conÐrming that the primary normalization was satisfactory and adequate in each case. s2 statistics and residual Ñux measurements were used to determine the best-Ðt iron model, but manual inspection of how each model Ðts the spectrum and of the residual spectra was also necessary and was of high importance because of the complexity of QSO spectra. Once the best-Ðtting Fe II model was identiÐed it was subtracted from the original QSO spectrum, allowing for an improved underlying continuum to be determined. The iteration over the Fe II model and continuum setting was continued until little change was seen from one step to the next. Usually no more than two iterations were needed.
The best-Ðtting Fe II emission model was then subtracted from the QSO spectrum. The previously subtracted powerlaw continuum was then added back into the spectrum, giving an Fe IIÈsubtracted spectrum. We present these spectra in Figure 2 along with the Ðtted Fe II models to each spectrum and the original, uncorrected QSO spectra. and Hb we took the previously Ðtted, underlying power-law continuum and integrated the spectrum above this continuum and across the observed emission line (we used keystroke "" e ÏÏ in the IRAF SPLOT task). The Ñux and equivalent width of the Fe II j4570 optical multiplet were measured in the 4434È4684 range across the Ðtted Fe II Ó emission models. The equivalent widths and line luminosities of the emission lines are presented in Table 2 The Ñux of the [O II] j3727 line was measured by integrating the spectrum above a "" local ÏÏ continuum, i.e., the "" small bump ÏÏ (Fig. 3 , dashed line ; we did not subtract the "" small bump,ÏÏ as it is not included in the template). The equivalent width was then deÐned as the ratio of the Ñux of the [O II] line estimated above the "" small bump ÏÏ to the Ñux over the same wavelength range in the power-law continuum (Fig. 3 , solid line ; this took care of the contamination from the "" small bump ÏÏ). If, instead, the [O II] Ñux was divided by the local underlying continuum, as is more usual, then the equivalent width would be underestimated (by factors of up to D5). A comparison of the equivalent widths obtained by the two methods (Fig. 4) illustrates a signiÐcant systematic shift in equivalent widths whose magnitude varies from source to source, emphasizing the need to take into account the small bump when measuring the
Our sample consists of luminous quasars (M B \ [23), which are generally not highly variable at optical wavelengths (e.g., Giveon et al. 1999 Table 2 ). These objects also show lower (or higher, respectively) EW(Hb) and slightly lower (higher) EW(Fe II) measurements (although the change is less than 30% and hence not noted by an asterisk in Table 2 ). The Fe II/Hb ratio did not di †er signiÐcantly from BG92 in these objects. For PG 1543] The line equivalent width measurements are inÑuenced by the choice of aperture. BG92 used a aperture, while 1A .5 we use spectra obtained with a 2A aperture and Ñux-calibrated using quasar spectra through a 5A aperture (which in turn reference a star through a 5A aperture). The amount of starlight for many PG quasars has been measured by McLeod & Rieke (1994a , 1994b . We found that for most of the objects in our sample the starlight contribution is of the order of 20% of the total Ñux in the H (1.65 km) band, i.e., 13% at 4000 assuming a starlight template A , from Elvis et al. (1994) . However, PG 0157]001 has a 43% starlight contribution at H band (i.e., 29% at 4000 and is A )
FIG. 3.ÈSpectrum of PG 0923]129 around the [O II]
line. The local continuum representing the continuum from the "" small bump ÏÏ is indicated by a dashed line, while the power-law continuum Ðtted to the whole spectrum and lying well below the "" small bump ÏÏ is shown by a solid line. also spatially extended (12@@ ] 12@@). Assuming a uniform distribution of starlight and a constant AGN energy output, we can roughly estimate the starlight contribution in this (worst-case scenario) object, which is 7% (0.43 ] 52/122) at H band and 5% (0.29 ] 52/122) at 4000 in our spectra, A and 0.7% and 0.5%, respectively, in BG92 spectra. Hence, the level of starlight contamination in ours and the BG92 equivalent widths is well below the typical 30% errors as a FIG. 4 .È[O II] equivalent width vs. the BG92 EV1. Circles denote our equivalent width measurements with respect to our Ðtted underlying continuum, and crosses denote equivalent width measurements relative to the local continuum, i.e., with the small bump not taken into account. Vol. 542 result of other factors such as continuum placement and line measurement.
Eigenvector 1
The EV1 values for our sample QSOs (kindly provided by T. Boroson) were calculated by applying the PCA analysis to the BQS QSO sample. We quote these values (after BG92) in the last column of Table 2 and Fig. 6 ). A comparison of our line equivalent width measurements in these objects indicates that we have set the underlying continuum lower and with a Ñatter slope in our objects, probably as a result of the fact that our spectra cover a larger wavelength range and that we iterated over the continuum setting and Fe II models in the Fe II subtraction process. For the Ðve discrepant objects discussed above, we indicate the direction in which EV1 should move in our Ðgures based on the EV1 range of objects with similar values of Fe II/Hb, and [O III] peak measurements in BG92. M *O III+ , The only way to improve on this would be to rerun the PCA analysis for the full BG92 sample using our new values of line measurements, which is beyond the scope of this paper.
DISCUSSION
As outlined in the Introduction, the di †erences in [O III] emission between the narrow-line radio galaxies and radioloud quasars reported by Jackson & Browne (1990) and lack thereof in [O II] (Hes et al. 1996) Figure 7 . We Ðnd a signiÐcant correlation between L ([O III]) and EV1 consistent with the versus EV1 M *O III+ correlation found by BG92. The Spearman rank test shows a 0.09% probability of this correlation occurring by chance (hereafter we will use to indicate the chance probability P S in the Spearman rank test4). We also Ðnd a signiÐcant correlation between L ([O II]) and EV1 with P S \ 0.23%, which becomes stronger with if the values of P S \ 0.08% EV1 were updated to allow for the di †erences between our measurements and those of BG92 (i.e., values in the range shown by the arrows in Fig. 7) . These results imply that EV1 is independent of orientation and suggest that an intrinsic property, such as the accretion rate onto a black hole (as suggested by BG92 ; Pounds, Done, & Osborne 1995 ; Boller, Brandt, & Fink 1996 ; Laor et al. 1997) or the black hole spin (BG92), may be driving EV1. In Figure 8 we present the spectra around the [O II] wavelength for the most positive and the most negative EV1 objects to show in detail the dependence of [O II] on EV1.
Radio-quiet versus Radio-loud Quasars
The presence of the correlations between
, and EV1 found above suggest that in our radioquiet quasars from the BQS sample the [O III] emission is independent of orientation in contrast to the case of radioloud quasars. In order to understand this apparent dichotomy, we study in detail the
) relations in our radio-quiet sample and compare it with the radio-loud samples of B97 and Tadhunter et al. (1998) , where orientation combined with dust or ionization e †ects, respectively, were found to be present.
The [O II] and [O III] luminosities and equivalent widths in our radio-quiet sample correlate signiÐcantly with one another If our sample was a †ected by orientation-dependent dust obscuration (where, as in B97, substantial numbers of dust clouds lie within the torus opening angle, and their number increases toward the plane of the torus), a larger range in Simpson 1998, Fig. 5) . Neither e †ect is present in our sample, suggesting that the BQS quasars (at least our radioquiet sample) are remarkably free of orientation-dependent dust e †ects or ionization e †ects in the narrow-line region. (Figs. 10a and 11a ) and the complete sample of southern 2 Jy radio sources presented by Tadhunter et al. (1998 ; Figs. 10b and 11b) . A number of B97 quasars and almost all broad-and narrow-line radio galaxies of Tadhunter et al. (1998) or to lower observed continuum. In the latter case the continuum could be obscured by dust in the radio-selected AGN. This would conÐrm previous suggestions (based on the comparison of the BQS quasarsÏ optical slopes [Francis et al. 1991] with the X-rayÈselected RIXOS sample of Puchnarewicz et al. 1996 and a heterogeneous sample of Elvis et al. 1994 ) that the blue color selection of the BQS QSOs biases against dust-obscured objects, while radio selection is una †ected. account for the broad-line and continuum reddening observed by B97, dust between the broad-line and the narrow-line region is still needed. Tadhunter et al. (1998) are mostly narrow-line radio galaxies (see Fig. 12b ) believed to be edge-on AGNs. These objects are expected to have a large fraction of the [O III] nuclear emission obscured by the dusty torus, resulting in a higher [O II]/[O III] ratio. However, there are also narrow-line radio galaxies (in Fig. 12b ) that show values of L ([O II])/L ([O III]) \ 0, within the range of ours and the B97 quasars, as well as the broad-line radio galaxies from Tadhunter et al. (1998) . This seems to be inconsistent with the orientation-dependent [O III] scenario in powerful radio-loud galaxies and suggests that the [O II]/[O III] ratio instead depends on the ionization parameter U, as suggested by Tadhunter et al. (1998) .
Based on our comparisons, we conclude that the [O II]/[O III] ratio is not a reliable orientation indicator either in the radio-quiet sample of the BQS quasars or in the radio-loud quasars.
CONCLUSIONS
Until recently it was generally accepted that EV1 does not depend on orientation, as it is strongly correlated with [O III] emission, originally thought to be an isotropic property in quasars. As recent studies of radio-selected AGN samples have questioned the isotropy of [O III] emission, we have investigated the relation between [O II] emission, which appears to be more isotropic, and EV1, and once again addressed the question of orientation as a driver of EV1.
We chose radio-quiet quasars from the optically selected BQS that showed either high or low [O III] luminosity, spanning a wide range of EV1 values in BG92. We subtracted Fe II emission, which contaminates the [O III] emission, from our spectra (using the BG92 iron template). We also demonstrated the signiÐcant e †ect of the presence of the small blue bump (Balmer continuum and Fe II emission) on accurate measurements of the [O II] emission line, emphasizing the need for spectra covering a wide (º1000 A ) wavelength range in order to determine the underlying continuum.
We found the following : These results lead us to conclude that the optically selected BQS sample (at least our radio-quiet sample) is free from orientation-dependent dust e †ects and ionizationdependent e †ects in the narrow-line region. Assuming that our sample is representative of bright, optically selected radio-quiet quasars, this implies that their [O III] emission is isotropic and that the [O II]/[O III] ratio is not an orientation indicator. This is in contrast with earlier results for the radio-selected AGN (B97 ; Jackson & Browne 1990) . We suggest that this discrepancy may be due to contamination of the [O III] emission by orientation-dependent Fe II emission in the latter samples.
